Introduction
Induction of immunologic tolerance is a long-standing goal of organ transplantation, as it achieves acceptance of donor allografts while avoiding the toxicity and costs associated with chronic administration of immunosuppressive drugs. Combined kidney and donor bone marrow transplantation (CKBMT) was first performed in HLA-matched recipients with end-stage renal disease secondary to multiple myeloma in an effort to induce donor chimerism, to treat myeloma, and to achieve successful renal allograft tolerance (1) . In 2002, the first successful HLAmismatched kidney transplant under a tolerance-inducing protocol was performed at our institution. Since then, 12 patients have received CKBMT from HLA-mismatched donors. Immunosuppressive therapy was successfully withdrawn, 9-14 months after transplantation, in 8 of these recipients. Three of them resumed immunosuppression 5-7 years after CKBMT due to recurrence of the original kidney disease and/or chronic rejection. The remaining 5 recipients remain off immunosuppression 2.5-14 years after BACKGROUND. Kidney transplant patients on tolerance protocols avoid the morbidity associated with the use of conventional chronic immunosuppressive regimens. However, the impact of tolerance versus conventional regimens on the quality of life (QOL) of kidney transplant patients is unknown.
METHODS.
Five patients who achieved long-term immunosuppression-free renal allograft survival after combined kidney and bone marrow transplantation (tolerant group) were compared with thirty-two comparable kidney transplant recipients on conventional immunosuppression (conventional group). QOL was compared with 16 conventional recipients using the Kidney Disease Quality of Life Short Form 36 (KDQOL SF-36) and the Modified Transplant Symptom Occurrence and Symptom Distress Scale (MTSOSD-59R).
RESULTS.
Patients in the tolerant group required significantly less treatment after transplant for hypertension and no medications for diabetes (P < 0.01). There was no incidence of diabetes, dyslipidemia, or malignancies in the tolerant group, while these were observed in 12.5%, 40.6%, and 11.8% of the conventional group, respectively. Tolerant patients experienced better overall health (P < 0.01) and scored higher on kidney transplant-targeted scales and healthy survey scales than patients in the conventional group according to the KDQOL SF-36 (P < 0.05). Tolerant patients were less likely to experience depression, dyspnea, excessive appetite/thirst, flatulence, hearing loss, itching, joint pain, lack of energy, muscle cramps, and lack of libido than conventional patients according to the MTSOSD-59R (P < 0.05).
CONCLUSION.
Kidney transplant recipients who achieved tolerance experience significantly fewer incidences of complications, improved QOL, and fewer comorbid symptoms compared with patients on conventional immunosuppression. These results support the expanded use of tolerance protocols in kidney transplantation. insight.jci.org doi:10.1172/jci.insight.87019
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CKBMT (2) . Several other centers have also instituted clinical trials of tolerance induction (3, 4) , and close to 70 patients have undergone or are currently enrolled in tolerance protocols in the United States (2, 5, 6) .
One of the proposed benefits of tolerance induction is that it should limit the deleterious side effects of long-term maintenance immunosuppression. These include not only malignancy and infection, but also drug side effects that may negatively affect the recipient's quality of life (QOL), despite ongoing satisfactory allograft function. Dissatisfaction with the symptom experience of immunosuppressive therapy correlates with poor QOL, triggers medication nonadherence, and can subsequently lead to increased rejection, mortality, and health care costs (7) (8) (9) (10) (11) (12) (13) .
While it has been shown that kidney transplant recipients experience much better QOL than dialysis patients (14) (15) (16) , the effect of tolerance protocols on QOL is unknown. Using the Kidney Disease Quality of Life Short Form 36 (KDQOL SF-36) health survey (17, 18) and the Modified Transplant Symptom Occurrence and Symptom Distress Scale (MTSOSD-59R) (19) , in this study we investigate whether kidney transplant patients who are tolerant of their grafts experience better QOL than a comparable cohort of kidney transplant patients who are maintained on chronic immunosuppression.
Results
Baseline characteristics. The mean age of the study population at the time of transplant was 35.05 ± 8.4 years and 43.5% were female. There were no significant differences in age, gender, race, end-stage renal disease diagnosis, or need for dialysis after transplant between tolerant and conventional groups (Table 1) .
Posttransplant characteristics. In comparison with 32 patients in the conventional group, patients in the tolerant group experienced a significantly longer initial hospital stay (Table 1, mean 15.2 vs. 4.5 days, P < 0.001) and a higher rate of readmissions (because of protocol-mandated serial graft biopsies; mean 5.78 vs. 2, P < 0.001). In the conventional group, 22 patients were treated with triple immunosuppressive medications with various combinations of calcineurin inhibitor, rapamycin, belatacept with antimetabolites (mycophenolate mofetil or azathioprine), and prednisone, and 10 patients were treated with with dual immunosuppressive medications. In the 5 tolerant patients, no immunosuppressive medication was administered after 9 to 12 months after transplant, and they required significantly less 
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treatment after transplant for hypertension (Table 1, 20% vs. 78%, P = 0.004). There was no incidence of new-onset diabetes, dyslipidemia, or malignancies in the tolerant group, while they were observed in 12.5%, 40.6%, and 11.8% in the conventional group, respectively (Table 1) . QOL and symptom outcome measures. Five patients (100%) from the tolerant group and sixteen patients (50%) from the conventional group completed KDQOL SF-36 and MTSOSD-59R questionnaires. Of the 22 KDQOL SF-36 domains, a significant difference favoring the tolerant group was observed in overall health (Table 2, P < 0.01); additionally, there were possibly significant differences favoring the tolerant group in the symptom/problem list, burden of kidney transplantation, sexual function, physical functioning, general health, social function, and energy/fatigue (Table 2, P < 0.05). Patients in the tolerant group also had better scores compared with patients in the conventional group across all other domains, except for cognitive function and quality of social interaction, though these differences did not achieve statistical significance (Table 2 ). Of the 59 tested symptoms in the MTSOSD-59R questionnaire, patients in the tolerant group were significantly less likely to experience depression and excessive appetite (Table 3 , P < 0.01). Patients in the tolerant group also had a trend towards significance in lower likelihood of excessive thirst, flatulence, hearing loss, itching, joint pain, lack of energy, muscle cramps, reduced interest in sex, and shortness of breath (Table 3 , P < 0.05).
Discussion
Kidney transplant recipients who achieve tolerance do not require chronic immunosuppressive drugs and therefore are not subject to the significant morbidities associated with their long-term use. In contrast, essentially all conventionally treated renal allograft recipients require life-long medications, not only to suppress rejection, but also to control direct side effects (cardiovascular disease, dyslipidemia, and de novo diabetes) of immunosuppression. Chronic immunosuppression also significantly increases the risk of infection and malignancies (20) . While the clinical benefits of achieving tolerance would thus seem clear, the ability of tolerance to improve the QOL of kidney transplant recipients has not been previously reported.
In this study, we review the clinical and QOL outcome measures of kidney transplant recipients successfully weaned from immunosuppression on tolerance protocols compared with a matched cohort of recipients on conventional chronic immunosuppression. We found that tolerant patients had bet- 02 Abnormal skin color; altered voice; anxious; back pain; brittle fingernails; brittle skin; bruises; change in sense of taste; chest pain; concentration or memory problems; constipation; diarrhea; difficulty seeing well; dizziness; dry skin; eyes sensitive light; face and/or back spots; facial features have changed; fat deposits on neck and back; genital sores or warts; hair loss or thinning; headaches; increased hair growth: face or body; increased sweating; increased urge to urinate; larger breasts; menstrual or erectile problems; mood swings; mouth/lip sores; muscle weakness; nightmares; oily skin; palpitations; poor appetite; puffy face (moon face); red face/neck; restless or nervous; skin rash; sleep difficulties; stomach complaints, nausea/vomiting; swollen ankles or feet; swollen glands: neck, armpit or groin; swollen gums; tingling or numbness in hands or feet; tiredness; trembling: hands; warmth of hands/feet; warts on hands and feet Not significant
MTSOSD-59R, Modified Transplant Symptom Occurrence and Symptom Distress Scale.
A Symptom occurrence is reported as the average percentage of time that a participant experienced the symptom; symptoms occurred at any point (ranging from never to always).
ter clinical outcomes than conventional patients. Tolerant patients required less or no medications for hypertension, dyslipidemia, and diabetes (Table 1 ). In contrast, as documented in numerous reports, the number of conventional patients who required medications for dyslipidemia or diabetes increased (Table 1) .
Importantly, we also found that tolerant patients had better QOL outcomes compared with conventional patients. Tolerant patients had better overall health (Table 2, P < 0.01) and tended to have better markers of physical and emotional well-being (Table 2 , P < 0.05). Tolerant patients were less likely to experience depression (Table 3 , P < 0.01) and had a trend of lower likelihood of excessive appetite/thirst, flatulence, hearing loss, itching, joint pain, lack of energy, muscle cramps, reduced libido, and shortness of breath than conventional patients (Table 3 , P < 0.05).
Our data, therefore, confirm that achieving tolerance provides clinical and QOL benefits to kidney transplant recipients. QOL is a qualitative measure that can be correlated with morbidity and mortality in kidney transplant recipients (10) . Dissatisfaction with the side effect experience of immunosuppressive therapy is related to QOL and can be a trigger for nonadherence (9, 11) . The incidence of medication nonadherence is frequent among transplant recipients, ranging in the literature from 2% to 68% (21) . Medication nonadherence in solid organ transplantation is related to poor clinical outcomes, such as rejection, health care costs, and mortality (7, 8, 12, 13) . Heart transplant recipients with even minor deviations from the cyclosporine dosing schedule had increased risk for acute rejection episodes (22) . Among kidney transplant recipients, nonadherence contributes to up to 20% of rejection and graft loss (23) . Together with data showing that tolerance protocols are more cost-effective (24), our findings support expanding the use of tolerance protocols to more patients requiring kidney transplants as a method of treatment that optimizes long-term benefit.
There are several limitations to our study. First, the sample size of patients is small. It is possible that significant differences in more QOL measures would be identified with increased sample size. Second, our results are biased towards patients who completed their surveys; conventionally treated patients who did not return surveys may have had different reasons for nonparticipation, including worse QOL. Third, due to small sample size, we were unable to perform multivariate analyses to assess predictors of QOL measures.
In conclusion, this study demonstrates that tolerance induction avoids the morbidity of chronic immunosuppression and is associated with better QOL for kidney transplant recipients. A multicenter study to enroll more tolerant patients and comparable nontolerant cohorts would be helpful for confirmation of these results and supporting the benefits of clinical tolerance induction. These results support the development, assessment, and improvement of acceptable tolerance induction regimens for clinical use.
Methods
Study design. This study was a single-center patient cohort-matched study. Questionnaires (see below) were administered to all patients. Patient electronic medical records were reviewed retrospectively to determine baseline characteristics and those after transplant.
Study participants. A total of 37 patients were selected for inclusion in this study. The tolerant group consisted of 5 patients who successfully achieved long-term (>13, >6.9, >6.7, >6.4, and >2.5 years) immunosuppression-free allograft survival after HLA haplotype-matched CKBMT. The nonmyeloablative conditioning consisted of cyclophosphamide (or low-dose total body irradiation), anti-CD2 monoclonal antibody (MEDI-507) with or without rituximab, and thymic irradiation. After CKBMT, the recipient was treated with calcineurin inhibitor or rapamycin for 9 to 12 months, after which no immunosuppression was administered (2) . Three other patients who initially achieved tolerance but needed to resume immunosuppression at the time of this analysis were excluded. The conventional group consisted of 32 consecutive HLA haplotype-matched kidney transplant recipients at Massachusetts General Hospital, matched for age (18-48 years old), cause of kidney disease, and same era of transplantation (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) . All patients in the conventional group received thymoglobulin induction (1.5 mg/kg × 3) before receiving a kidney transplant from a parent or sibling. After transplantation, recipients were treated with either triple or dual immunosuppressive regimens. The median follow-up time for all recipients was 9.3 years (interquartile range, 5.8-11.5 years), with a maximum follow-up time of 13 years. These 32 patients were compared, with 5 tolerant recipients, in the length of the hospital stay, incidence of complications (malignancies, infections), and the medication requirements to treat hypertension, dyslipidemia, and new-onset diabetes. For the QOL study, 16 recipients with conventional immunosuppression who completed the QOL survey were compared with 5 tolerant recipients. insight.jci.org doi:10.1172/jci.insight.87019
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Questionnaire. QOL was assessed using the KDQOL SF-36, version 1.3, from the Rand Corporation (17, 18) . The KDQOL questionnaire is a validated QOL instrument that combines the generic SF-36 instrument with a kidney disease-specific instrument. The SF-36 and kidney disease-specific instrument measures domains of functioning and well-being on a 100-point scale, with a higher score reflecting better QOL. Physical and mental health composite summary scores are also calculated; in the general population, the mean for each summary scale is 50 points, with a standard deviation of 10 points. The disease-specific component of the KDQOL was originally targeted towards patients with end-stage renal disease. We replaced references to "kidney disease" with references to "kidney transplant" to adapt the KDQOL for kidney transplant recipients (e.g., "I feel frustrated dealing with my kidney disease" became "I feel frustrated dealing with my kidney transplant.")
The MTSOSD-59R is a subjective appraisal of symptoms associated with side effects (symptom experience) of immunosuppression (19) . It includes measurements of symptom occurrence (never to always occurring) and symptom distress (not at all to extremely distressing) on a 5-point rating scale.
Questionnaires were administered to patients by mail. Survey completion and return was encouraged by follow-up phone calls and discussions at routine clinic visits.
Statistics. Pearson's χ 2 test was used to compare discrete baseline patient characteristics (e.g., gender, race, diagnosis, medications, HLA mismatch), while the 2-sample Wilcoxon rank-sum (Mann-Whitney) or 2-tailed Student's t test was used to compare continuous variables (e.g., age, time on dialysis, length of stay, QOL scores). The α significance level was set at 0.01 to account for multiple comparisons, given that there were a total of 99 comparisons being made in this study; P values between 0.01 and the typical thresholds of 0.05 were considered "possibly significant" or "trending towards significance." All analyses were performed with the use of STATA version 13.1 (StataCorp LP).
Study approval. The study protocol was approved by the Massachusetts General Hospital institutional review board. Written informed consent was received from participants prior to inclusion in the study.
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